Yellow fever (YF) vaccines (17D-204 and 17DD) are well tolerated and cause very low rates of severe adverse events (YEL-SAE), such as serious allergic reactions, neurotropic adverse diseases (YEL-AND), and viscerotropic diseases (YEL-AVD
Yellow fever (YF) is a mosquito-borne viral hemorrhagic fever and is one of the most lethal viral diseases that remains an important public health problem in the regions of Africa and South America where it remains endemic (17) . The easiness of international travel also makes YF a serious health threat to millions of travelers to areas where YF is endemic (8) .
Highly effective, live attenuated 17D YF vaccines have been available for decades and are considered to be among the safest vaccines worldwide (24) . YF vaccines are produced by inoculation of embryonated chicken eggs with stock virus, harvesting, and freeze-drying with thermostabilizing components (1) . The YF vaccines are delivered as a single subcutaneous dose and induce neutralizing antibodies in 90 to 99% of recipients after inoculation (4) . The 17D YF vaccines are well tolerated and cause a very low rate of adverse events postvaccination (21) . Less than 25% of vaccinees develop mild systemic symptoms, which may include headache, myalgia, discomfort at the site of vaccination, or low-grade fever, 2 to 6 days after vaccination (17) . Despite the strong safety profile of the 17D YF vaccines, reports of rare yellow fever vaccine-associated serious adverse events (YELSAEs) have been described in the literature, including severe allergic reactions, neurotropic adverse disease (YEL-AND), and viscerotropic disease (YEL-AVD) (5, 12, 13, 16, 22) .
The mechanisms underlying the development of these adverse events remain unknown. Distinct hypotheses have been postulated to explain the basis of YEL-SAE, which includes viral and host features (1, 2, 7, 9, 10, 11) . The reversion of the 17D YF vaccine virus into a more virulent form and other genetic mutations do not seem to be probable causes of the adverse events, since the YF virus isolated from patients with YEL-SAEs have rarely shown a nucleotide sequence different from that of the original 17D YF vaccine strain (7, 9) . It is considered that host factors, mainly host immune responses to the 17D YF vaccine, may represent the major causes of YELSAEs (1, 2, 9, 10, 11).
Increasing age, a history of thymus disorder, and immunocompromise are considered risk factors for the development of YEL-SAEs (2, 10, 13) . However, several cases with unknown risk factors have been reported, suggesting the involvement of other host immunological features. A recent study with European patients with YEL-SAEs following 17D YF vaccination illustrated the release of sets of proinflammatory cytokines and chemokines different from the sets of cytokines released from vaccinees who did not experience side effects (1) . Nevertheless, the specific role of distinct immunological events in the pathogenesis of YEL-SAEs still needs to be clarified.
This report provides a detailed immunological analysis of a 23-year-old female patient who developed combined suspected neurotropic and viscerotropic severe adverse events following 17D-204 YF vaccination.
CASE REPORT
On 4 February 2006, a 23-year-old female patient presented to an emergency room with 4 days of fever (temperature, up to 102.5°F), chills, nausea, vomiting, fatigue, myalgias, and arthralgia and one episode of loose bowel movements. She took acetaminophen (Tylenol) pro re nata for fever. On the morning of presentation, her symptoms had improved, but she noticed a pruritic rash on her trunk and extremities. She reported feeling itchy the night before the onset of the rash. She was given acetaminophen and diphenhydramine (Benadryl), resulting in improvement of the fever and the rash. Her medical history revealed a diagnosis of a partial complement 4 (C4) deficiency; cutaneous lupus erythematous; and allergies to penicillin, cephalosporin, and sulfa drugs.
On 27 January 2006, while she was in the United States, she received 17D-204 vaccine (YF-Vax) in preparation for her travel to Brazil. Upon admission on 4 February, the medical examination revealed an intermittent tinnitus; black spots in visual fields; multiple petechiae on the upper palate; and a maculopapular rash on the trunk, extremities, and face in association with a slightly tender mid-lower abdomen under palpation of the abdomen without rebound or guarding. The patient did not have blurry vision or eye irritation, a sore throat, cough, shortness of breath, neurological deficits, bleeding or bruising, oral ulcers, skin sloughing, lymphadenopathy, or genitourinary complaints.
The physical examination demonstrated a temperature of 98.6°F, a pulse of 88 beats per minute, a blood pressure of 110/55 mm Hg, and a respiration rate of 16 breaths per minute.
The patient was alert and was oriented in place, time, and space. Laboratory records showed normal ranges for the white blood cell count (3.5 ϫ 10 3 /mm 3 ) with normal differential counts (neutrophils, 55%, or 1,925/mm  3 ; eosinophils, 6%, or  210/mm  3 ; basophils, 1%, or 35/mm  3 ; lymphocytes, 27%, or  945/mm  3 ; monocytes, 11%, or 385/mm  3 ) , the hemoglobin concentration (13 mg/dl), hematocrit (37%), and platelet counts (173,000/mm 3 ); and normal electrolyte levels (sodium, 138 mEq/liter; potassium, 3.5 mEq/liter; chloride, 104 mEq/liter; bicarbonate, 26 mEq/liter); as well as a normal range of values for biochemical parameters (glucose concentration, 104 mg/dl; blood urea nitrogen concentration, 7 mg/dl; creatinine concentration, 0.7 mg/dl; aspartate aminotransferase concentration, 25 U/liter; alanine aminotransferase concentration, 25 U/liter; albumin concentration, 3.3 mg/dl). The patient was positive for antinuclear antibody with a speckled pattern and anti-doublestranded DNA negative. Her C3 concentration was 129 mg/dl, her C4 concentration was Ͻ1 mg/dl, she was anti-cardiolipin IgG and IgA negative, and her IgM level was 21 mg/dl (an IgM level of 20 to 80 mg/dl is low to medium positive). Because of a suspected allergic reaction, she was treated with acetaminophen and diphenhydramine. She was kept overnight for observation.
On 5 February 2006, she remained afebrile; however, a maculopapular rash was observed, predominantly on her chest and arms. An allergist defined the rash as a likely case of viral exanthema. The rash was noted to be 80% improved after treatment with diphenhydramine. She was then discharged with a prescription for diphenhydramine. Her laboratory data were within the normal ranges.
On 10 February 2006, she traveled to Rio de Janeiro, Brazil, and developed a headache on the overnight flight. On 12 February 2006, which was day 16 following the 17D-204 YF vaccination, she woke up with an excruciating headache but no fever. She went to the Universidade Federal do Rio de Janeiro Hospital for a medical consultation, where she presented with a generalized tonic-clonic seizure. Upon admission she was alert; however, she developed aphasia. Her body temperature was 97.5°F, her pulse was 99 beats per minute, and her respiratory rate was 20 breaths per minute. The patient's blood pressure was 90/60 mm Hg. At first, the patient appeared to be only slightly ill. No rash, petechiae, or lymphadenopathy was detected; and her mouth and oropharynx were normal. The neck was not rigid, and Kernig's sign was absent. The lungs, heart, abdomen, arms, and legs were normal. A neurological examination revealed no abnormalities. Her urine was normal.
Hematological laboratory values showed leukocytosis with a normal differential count, and the other values and electrolyte values were normal. Lumbar puncture revealed a protein concentration of 40 mg/dl and a glucose concentration of 49 mg/dl, and staining of a specimen of cerebrospinal fluid (CSF) disclosed a leukocyte count of 150/mm 3 with 77% neutrophils (concentration, 11.5/mm 3 ). A computed tomographic (CT) scan of the brain with the intravenous injection of contrast material showed brain edema. An electroencephalographic examination revealed generalized low-amplitude slowing; no epileptiform activity or organized electroencephalographic seizures were seen. Specimens of blood were obtained for culture; and the administration of meropenem, acyclovir, steroids, phe-VOL. 17, 2010 SEVERE ADVERSE EVENT AFTER 17D YF VACCINATION 119 nytoin, and acetaminophen was initiated. Shortly after admission, the fever subsided. On the morning of the second day after admission, no rash or lymphadenopathy was detected. Her speech had returned but remained poor. Laboratory values were normal, despite C4 levels close to the lower limit of the normal range. A magnetic resonance imaging (MRI) study of the brain, performed before and after the intravenous administration of contrast, showed a subtle hyperintensity on fluid-attenuated inversion-recovery images in the head of the left corpus caudatus and the frontal cortex. The sizes of the ventricles, sulci, and cisterns were appropriate for the patient's age. There was no abnormal fluid collection, intracranial bleeding, midline shift, mass effect, or focal infarction; and the flow voids of the major vessels were patent. Subsequently, the treatments with meropenem and steroids were discontinued.
On the third day of admission, her condition evolved with a fever (maximal axillary temperature, 99.7°F), headache, agitation, mental confusion, poor speech, and no motor deficits associated with the muscle ache and abdominal pain. The laboratory results, however, showed increased levels of amylase (1,231 U/liter), lipase (8,633 U/liter), lactate dehydrogenase (LDH; 1,006 U/liter), creatine phosphokinase (CPK; 6,437 U/liter), and myoglobin (707 mg/dl). An abdominal CT scan (without contrast) showed a sizeable increase in the size of the pancreas, mainly the body and tail, with discrete tissue infiltration and free fluid in the abdominal cavity that could not be ascribed to fluid overload. The results of laboratory studies of the patient's serum showed nonreactive IgM antibodies to dengue virus and leptospires (as determined by enzyme-linked immunosorbent assay [ELISA]); nonreactive IgM antibodies but reactive IgG antibodies to Epstein-Barr virus, rubella virus, and hepatitis A virus and nonreactive IgG antibodies to hepatitis B virus and hepatitis C virus (as determined by microparticle enzyme immunoassay; Abbott); a reactive Monotest result (as determined by agglutination); nonreactive IgM antibodies to cytomegalovirus (as determined by ELISA); and negative PCR and nested PCR results by the use of oligonucleotides specific for the genomic LA and MIE regions of members of the Herpesviridae family. In light of the clinical signs and symptoms, the MRI and CT images, and serological findings, acyclovir was discontinued.
On the fourth day after admission, her body temperature became normal and the patient was still complaining of muscle pain, headache, and abdominal pain. There was mental confusion that alternated with drowsiness, accompanied by a new focal neurological manifestation characterized by discrete central facial and upper limb paresis. MRI revealed no abnormalities except a mild contrast enhancement in the meninges. The laboratory tests showed that the pancreatic enzyme, CPK, and LDH levels had further increased; and there was a mild increase in the aminotransferase levels dissociated from the levels of the other liver enzymes.
On the fifth day after admission, the patient became more responsive to commands, although she could not distinguish her right hand from her left hand. Motor deficits were no longer evident. She reported improvement in her headache and epigastric pain, and she recognized her location. All laboratory tests demonstrated a decrease in the levels of the enzymes mentioned above. Serum serology showed negative results for neurotropic viruses, including eastern equine encephalitis virus, western equine encephalitis virus, Venezuelan equine encephalitis virus, St. Louis encephalitis virus, and Rocio virus. The patient was negative for mumps virus neutralizing antibodies (as determined by the plaque reduction neutralization test [PRNT] titer, Ͻ1:5). Serology for yellow fever virus showed a negative CSF IgM result but a positive serum IgM result (as determined by M antibody capture ELISA). Yellow fever virus neutralizing antibodies in serum (PRNT) were positive at 3,335 mIU/ml. The yellow fever virus genome was not detected in CSF or serum samples (by reverse transcription-PCR [RT-PCR]). Yellow fever virus was not isolated following the inoculation of serum into Vero cell cultures, C6/36 cell cultures, or suckling mice.
On the sixth day after admission, the patient improved clinically, was fully oriented, and talked normally; but she still complained of headache and muscle aches but not epigastric pain. The clinical examination was completely normal. The pancreatic enzyme levels were very close to the upper limit of the normal range, and a liquid diet was started. An MRI study of the abdomen performed before and after intravenous administration of contrast material showed a mild increase in the size of the pancreas, mainly in the body and the tail, without necrosis or other abnormalities. There was a slight fluctuation in the serum lipase levels.
On the seventh day after admission, she continued to improve clinically. She tolerated the liquid diet without nausea or pain. However, the discrete increase in the serum lipase level remained. An MRI study of the abdomen performed before and after the intravenous administration of contrast material showed a mild increase in the size of the pancreas, mainly in the body and the tail, without necrosis or other abnormalities.
On the eighth day after admission, the patient was fully oriented and continued to be asymptomatic, showing normal serum amylase levels and only a slight increase in serum lipase levels. Cultured specimens of blood and cerebrospinal fluid were sterile.
On the ninth day after admission, the patient was alert and lucid. A new neurological sign was observed and consisted of a prominent action and postural tremor in the tongue and palate; this was more evident when the tongue was stretched out.
On the tenth hospital day the patient ate well and no longer requested acetaminophen for headache. The tongue action tremor persisted but was better than it was on the day before. She was discharged on the following day.
Tentative diagnosis. Considering the combined clinical and laboratory data, the diagnosis for this patient was YEL-SAEs with prominent encephalitis and a residual tongue tremor associated with an important case of pancreatitis and rhabdomyolysis.
MATERIALS AND METHODS
With the objective of characterizing the immune events underlying the unusual presentation of a combined neurotropic and viscerotropic adverse event following 17D-204 YF vaccination, the immunological status of the patient described here was investigated by detailed immunophenotypic analysis by flow cytometry with a blood sample collected on day 16 following the 17D YF vaccination. The immunological parameters were compared with the reference values (RVs) for peripheral blood leukocyte subsets taken at day 15 after 17DD vaccination from healthy volunteers without adverse events that presented with mean positive PRNT values of 3,699 Ϯ 400 mIU/ml. Biological samples. A 10-ml blood sample was collected from the patient and placed into Vacutainer tubes containing sodium heparin (Becton Dickinson, San Jose, CA) 16 days after YF 17D vaccination.
Peripheral blood samples (10 ml each) from 10 healthy volunteers were collected and placed into Vacutainer tubes containing sodium heparin (Becton Dickinson) 15 days after YF 17DD vaccination, and the values for these blood samples were considered the RVs.
Fresh whole-blood aliquots were used for the ex vivo analysis of leukocyte subsets and activation status, as well as the analysis of the intracytoplasmic cytokine pattern following short-term whole-blood culture in vitro. Plasma samples were obtained by centrifugation of fresh whole-blood aliquots at 900 ϫ g for 10 min at 4°C, and the samples were stored at Ϫ70°C for analysis of plasmatic chemokines and cytokines.
Ex vivo analysis of leukocyte subsets: frequency, activation status, and chemokine receptor expression. Immunophenotypic analysis of peripheral blood leukocytes was performed by flow cytometry, as described previously (14, 15, 23) . Briefly, 100-l aliquots of heparin-anticoagulated blood were dispensed into 5-ml polystyrene tubes (Falcon; BD Pharmingen, San Diego, CA) and stained with 5 l of undiluted monoclonal antibodies (MAbs) conjugated with fluorescein isothiocyanate (FITC), phycoerythrin (PE), or tricolor (TC) specific for cell surface markers, including CD3, CD4, CD5, CD8, CD14, CD16, CD18, CD19, CD23, CD25, CD28, CD32, CD38, CD54, CD62L, CD64, and CD69 and HLA-DR, CXCR3, CXCR4, CCR2, CCR3, and CCR5, all of which were from BD Pharmingen or Caltag (Burlingame, CA). The samples were treated by gentle vortexing and they were incubated in the dark for 30 min at room temperature. Following incubation, the samples were treated by gentle vortexing with 2 ml of fluorescence-activated cell sorting (FACS) lysing solution (BD Pharmingen) and were reincubated for an additional 10 min at room temperature in the dark. After erythrocyte lysis was completed, the samples were centrifuged at 600 ϫ g for 7 min at room temperature, the supernatant was discarded, and the cell pellet was washed twice with 2 ml of phosphate-buffered saline (PBS) containing 0.01% sodium azide. Cell preparations were fixed in 200 l of FACS fix solution (10 g/liter paraformaldehyde, 1% sodium cacodylate, 6.65 g/liter sodium chloride, 0.01% sodium azide) and stored at 4°C in the dark prior to flow cytometry analysis, which was performed within 24 h. For data acquisition and analyses, a total of 10,000 events per tube were acquired with a FACSCalibur flow cytometer and CELLQuest software (Becton Dickinson) properly set up to measure forward light scatter (FSC) and side light scatter (SSC) as well as FITC (FL-1), PE (FL-2), and TC (FL-3) fluorescence. Distinct gating strategies were used to analyze the frequency of each leukocyte subset, as described elsewhere (14, 15, 23) .
Analysis of plasmatic chemokines and cytokines. A cytometric beads array (CBA) immunoassay kit (BD Biosciences) was used for the semiquantitative analysis of plasmatic chemokines and cytokines, including CXCL-8, CCL-2, CCL-5, CXCL-10, interleukin-1␤ (IL-1␤), IL-6, IL-12, tumor necrosis factor alpha (TNF-␣), and IL-10, as recommended by the manufacturer and as described previously (19) . A sandwich ELISA was used for quantitative analysis of plasmatic IL-17 (Biosource, Nivelles, Belgium) as well as IL-23 and transforming growth factor ␤ (TGF-␤; Bender Medsystems, Vienna, Austria), as recommended by the manufacturers.
Analysis of intracytoplasmic cytokine pattern following short-term wholeblood culture in vitro. The analysis of intracytoplasmic cytokines in peripheral blood leukocyte subsets was performed as described by Peruhype-Magalhães et al. (19) . The cytokine profile was analyzed after short-term incubation in vitro in the absence (control cultures) or the presence of the 17DD YF vaccine antigen as an exogenous stimulus. Briefly, 500-l aliquots of heparinized peripheral blood were dispensed into individual 14-ml polypropylene tubes (Falcon; BD Pharmingen) and incubated for 6 h at 37°C in a 5% CO 2 humidified atmosphere in the presence of 550 l of RPMI 1640 (Gibco, Grand Island, NY) as the control culture or in the presence of 500 l of RPMI 1640 (Gibco) plus 50 l live attenuated 17DD YF vaccine (lot 02UVFB005Z; BioManguinhos-FIOCRUZ) at a final concentration of 10 6 viral particles/ml. Following incubation, 10 g/ml of brefeldin A (Sigma Chemical Company, St. Louis, MO) was added and the samples were reincubated for 4 h at 37°C in a 5% CO 2 humidified atmosphere. After incubation, the cultures were treated with 2 mM EDTA (Sigma) and were kept at room temperature for 15 min. The culture samples were washed twice with 6 ml of FACS buffer (0.015 M PBS, 0.5% bovine serum albumin, 0.1% sodium azide) by centrifugation at 600 ϫ g for 7 min at room temperature. After resuspension in 1 ml of FACS buffer, 200-l aliquots were dispensed into 5-ml polystyrene tubes (Falcon; BD Pharmingen) and stained with anti-surface molecule MAbs, including antibodies to the surface molecules CD4, CD8, CD14, CD16, and CD19. After 30 min of incubation in the dark at room temperature, the samples were treated by gentle vortexing with 2 ml of FACS lysing solution (BD Pharmingen) and were reincubated for 10 min at room temperature in the dark. After erythrocyte lysis was complete, the samples were centrifuged at 600 ϫ g for 7 min at room temperature, the supernatant was discarded, and the cell pellet was resuspended and kept for 10 min at room temperature in the dark with 2 ml of FACS permeabilizing solution containing FACS buffer supplemented with 0.5% saponin. Following incubation, the samples were centrifuged at 600 ϫ g for 7 min at room temperature, the supernatant was gently decanted, and the cell pellet was washed with 3 ml of FACS buffer. After centrifugation, the cells were resuspended in 200 l of FACS buffer and were distributed in 30-l aliquots over 96-well U-bottom microtiter plates. The cells were then stained with 20 l of PE-labeled anti-cytokine MAbs, including MAbs to gamma interferon (IFN-␥), TNF-␣, IL-4, IL-5, IL-10, and IL-12, at a final concentration of 25 g/ml. The MAbs had previously been diluted in sterile FACS permeabilizing solution by incubation for 30 min at room temperature in the dark. The cells were then washed twice, first with 150 l of FACS permeabilizing solution and then with 200 l of FACS buffer. The cell preparation was fixed in 200 l of FACS fix solution and stored at 4°C in the dark prior to flow cytometry analysis, which was performed within 24 h. A total of 30,000 events per tube were acquired with a FACSCalibur flow cytometer (Becton Dickinson) properly set up to detect FSC and SSC as well as FITC (FL-1), PE (FL-2), and TC (FL-3) fluorescence. The CELLQuest software provided by the manufacturer was used for data acquisition and analysis. Distinct gating strategies were used to analyze the cytokine profiles of the specific leukocyte subpopulations (19) . Selective analysis of neutrophils was performed by establishing a specific scatter gate by using the combination of anti-cell surface antigens and laser SSC for discrimination of the neutrophils, and the neutrophils were gated as SSC High CD16 ϩHigh (high granularity and high CD16 expression). Analysis of the monocytes was performed by staining immunophenotyping with SSC versus FL-1 and anti-CD14-TC dot plots to select the monocytes as SSC Low CD14 ϩHigh cells.
Identification of the natural killer (NK) cells, T CD4
ϩ or T CD8 ϩ lymphocytes, and B cells was initially performed by using a lymphocyte scatter gate setup and FSC versus SSC dot plots, followed by a phenotype gating strategy with anti-CD16-FITC, anti-CD19-TC, anti-CD4-TC, and anti-CD8-FITC MAbs to select a given cell subpopulation. The frequency of cytokine-expressing cells was determined by using quadrant statistics over FL-2 and anti-cytokine-PE versus FL-1 and anti-cell surface marker-FITC or FL-3/anti-cell surface marker-TC dot plots. All results for the different gated leukocyte subpopulations were expressed as a percentage of the cytokine-positive cells.
Statistical analysis. Data analysis was performed, and the data were considered to be statistically significant when the values for the patient were outside of the mean Ϯ 2 standard deviations (SDs) of the RV range. Statistical significance was also considered when the values for the patient were outside the range of 0.5 to 2.0 times the mean RV.
RESULTS
Ex vivo analysis of leukocyte subsets: frequency, activation status, and chemokine receptor expression. The ex vivo analysis of the phenotypic features of the circulating leukocytes demonstrated that the patient's monocytes displayed lower levels of expression of Fc-␥R (CD16, CD32, and CD64) compared to the RVs (Table 1) CD69 ϩ ), in addition to a reduced level of expression of CD32 by B cells, was the major phenotypic feature suggesting the high level of activation of B cells, as determined by comparison of the levels of activation with the RVs (Table 1) .
The results of the analysis of chemokine receptor expression by monocytes and T lymphocytes are presented in Table 2 . The data analysis demonstrated that the T cells from the patient presented a decreased level of expression of CXCR3 by both CD4 ϩ and CD8 ϩ T cells in comparison with the RVs (Table 2) .
Analysis of plasmatic chemokines and cytokines. Semiquantitative analysis demonstrated that the patient's plasma exhibited a chemokine profile with values comparable to the RVs: high levels of CXCL-8 (IL-8) and CCL-5 (RANTES) and low levels of CCL-2 (monocyte chemoattractant protein 1 [MCP-1]), and CXCL-10 (interferon-inducible protein 10) (Fig. 1A) . Additional analysis demonstrated that YEL-AND resulted in a general exacerbated cytokine pattern, with higher levels of plasmatic IL-6, IL-17, IL-4, IL-5, and IL-10, despite the lower levels of TNF-␣, in comparison to the RVs (Fig. 1B) .
Analysis of intracytoplasmic cytokine pattern following short-term whole-blood culture in vitro. Analysis of the ex vivo leukocyte intracytoplasmic cytokine pattern of control cultures revealed increased levels of IFN-␥-positive (IFN-␥ ϩ ), TNF-␣-positive (TNF-␣ ϩ ), and IL-4-positive (IL-4 ϩ ) NK cells ( Fig.  2A) . On the other hand, in the presence of the 17DD YF vaccine antigenic stimulus, the patient's leukocytes exhibited decreased levels of TNF-␣ ϩ monocytes compared to the RVs. Additional analysis also revealed increased levels of IFN-␥ ϩ in NK cells in comparison to the RVs (Fig. 2B) (Fig. 2C) . Analysis in the presence of or after the 29.0** (Fig. 2D) . Together, these data demonstrate that the patient exhibited an exacerbated cytokine pattern with an enhanced frequency of cytokine-positive cells, mainly observed within NK cells, CD8 ϩ T cells, and B lymphocytes, regardless of the experimental conditions under which they were evaluated (under the control condition or with the 17DD YF vaccine stimulus). The analysis of CD4 ϩ T cells revealed the most complex profile, with assorted changes being detected when the control and 17DD YF vaccine-stimulated cultures were considered. On the other hand, a depressed level of TNF-␣ synthesis was observed in monocytes after antigenic stimulation.
DISCUSSION
The 17D YF vaccines (17D-204 and 17DD) are well tolerated, and the rate of serious adverse events is very low. Cases of encephalitis and other neurotropic adverse events (YEL-AND) following YF vaccination are estimated to occur in 0.4 per 100,000 vaccinees (16) .
The clinical presentation of YEL-AND includes a highgrade fever (temperature, Ն100.5°F) and headache for more than 24 h. It may also be accompanied by focal neurological dysfunction, including, but not limited to, ataxia, aphasia, and paresis. More severe cases could show mental status changes, confusion, lethargy, personality changes, the new onset of seizures, or a recurrence of previously controlled seizures (16) .
The clinical course of the adverse events for the patient described here is unusual in comparison to the profiles of the cases reported so far. Indeed, the patient presented with overt pancreatitis and moderate liver involvement, clinical signs not yet described in the cases reported to date. In addition, whereas the neurological signs and symptoms were presented by day 14, the viscerotropic signs and symptoms of pancreatitis and rhabdomyolysis came into the clinical picture only belatedly, on day 22. (It is unclear on how the mild mid-lower abdominal pain that occurred 9 days following vaccination should be interpreted.) On the basis of the clinical and laboratory data, however, a diagnosis of a suspected combined neurotropic and viscerotropic syndrome may be made. on August 27, 2017 by guest http://cvi.asm.org/ the viral load in the blood from 17D YF-immunized persons is far below the infection threshold for blood-feeding mosquitoes, reflecting the restricted replication of the attenuated virus. On the other hand, YF virus has been detected in the blood, serum, plasma, heart, liver, spleen, kidney, lung, brain, spinal cord, and skin of patients with YEL-SAEs (1, 3, 6, 18) . Occasionally, 17D YF virus has been detected in CSF, suggesting its involvement with the YEL-SAE, but it has recently been suggested that the neurological manifestations are due to the immune response to the 17D YF virus infection rather than the direct action of the virus through the central nervous system. In this study, the 17D YF virus genome was not detected in either CSF or serum samples (as determined by RT-PCR), nor was the 17D YF virus isolated following the inoculation serum into Vero cell cultures, C6/36 cell cultures, or suckling mice. Therefore, the case reported here may be considered a suspected case of combined neurotropic and viscerotropic adverse events following 17D YF vaccination.
It has previously been reported that the titers of neutralizing antibodies against 17D YF virus in patients with YEL-SAEs were considerably higher than those observed in healthy patients (3, 6, 18) . However, the titers of neutralizing antibodies identified in the patient described here resembled the titers observed in healthy vaccinees who did not experience any side effects (4) .
The occurrence of YEL-SAEs has been associated with increasing age, a history of thymus disorder, and immunocompromise; however, no apparent risk factor could be identified for several cases. The patient described here exhibited some abnormalities in her cellular immune response compared to the immunological profile exhibited by time-matched first-time vaccinees who did not experience any adverse effects. Our data demonstrated that the patient had impaired FC-␥R expression in monocytes, despite a robust increase in the level of NK T cells, activated T cells (CD4 ϩ and CD8 ϩ ), and B lymphocytes. Additionally, enhanced levels of plasmatic cytokines together with exacerbated intracytoplasmic cytokines were mainly observed within NK cells, CD8 ϩ T cells, and B lymphocytes. Analysis of the CD4 ϩ T cells revealed a complex cytokine profile in control and 17DD YF-stimulated cultures. On the other hand, depressed TNF-␣ synthesis was observed in monocytes following antigenic stimulation. It is important to note that since the two vaccine substrains do not have identical sequences, it is possible that the immune response to routine immunization may not be identical for the two vaccines.
It has recently been reported that YEL-SAEs are accompanied by robust antigen-specific T-and B-cell responses, so the adverse event is unlikely to be caused by impairment of the magnitude of adaptive immunity. On the contrary, the magnitude of this adaptive response might have been a result of the abnormalities in the innate immune system and a possible disruption of the CCR5-RANTES axis (20) . Our data did not demonstrate changes in the levels of CCR5 expression on monocytes. However, we found an unexpected decrease in the levels of CXCR3 expression by CD4 ϩ and CD8 ϩ T cells, which may suggest the internalization of CXCR3 following hyperactivation. CXCR3 is usually expressed in type 1 T cells, and it is speculated that the lower level of expression of CXCR3 is associated with the massive activation of T cells, since the CXCR3-ligand axis play an important role in T-lymphocyte activation and recruitment and the subsequent amplification of inflammation in human diseases.
Although cytokines and chemokines may act as immune modulators in YEL-SAEs, their role is still not fully understood. It was shown that growth-related oncogene (GRO), MCP-1, TGF-␤, and RANTES levels were moderately increased in one patient with YEL-AND, whereas healthy vaccinees who had no any adverse effects exhibited increases only in RANTES levels and had lower GRO, MCP-1, TGF-␤, and TNF-␤ levels (1). Nevertheless, the specific roles of various cytokines and chemokines in the pathogenesis of YFV infection need to be further clarified.
Together, our findings support the hypothesis that a robust adaptive response and abnormalities in the innate immune system may be involved in the establishment of severe adverse events following primary 17D YF vaccination. Further research on the virus-host immune response is required to obtain a better understanding of the basis of this process.
